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ASSESSMENT OF HABITAT USE BY EASTERN COYOTE (CANIS LATRANS)
ALONG AN URBAN-PARKLAND GRADIENT
BETH A. JUDY
ABSTRACT

This study used coyote howl surveys combined with GIS to locate local coyote
(Canis latrans) populations, determine the habitats where coyotes occur and estimate
coyote group sizes in Bedford, North Chagrin and West Creek Reservations within the
Cleveland Metroparks, Ohio. The CMP were established in 1917 and are the oldest park
districts in the state of Ohio. There are 8,500 hectares (21,000 acres) of land in 16
reservations and in 2008 approximately 43,000,000 people visited the Cleveland
Metroparks. Bedford, North Chagrin and West Creek Reservations have a mixture of
park, forest, woodlots, residential neighborhoods, industrial areas, commercial property,
open water, streams and wetlands. Coyotes have become the “top terrestrial predator” in
northeastern North America and these animals are choosing to live in urban areas where
humans are present and few natural habitats are available. Very little is known about the
ecology and behavior of these elusive Canids around residential neighborhoods. I
examined where coyotes actually lived along park boundaries.
I performed howl surveys in Bedford, North Chagrin, and West Creek
Reservations. Data were collected to determine coyote location, estimation of coyote
group sizes and what types of habitats coyotes responded from. Overall, coyotes were
heard 16.9% of the time when howl surveys were performed. Bedford Reservation had a
minimum of 13 coyotes during winter months and 11 coyotes during the summer. It is
believed that three coyote groups (Bedford, Cuyahoga Valley National Park and Walton
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Hills) were present around Bedford Reservation. North Chagrin Reservation had at least
five coyotes during the winter and four coyotes in the summer months. West Creek
Reservation had three coyotes respond to surveys in the winter and five coyotes replied
during summer surveys. North Chagrin and West Creek Reservation each had one coyote
group. Bedford Reservation coyote groups had similar responses during all three seasons
(dispersal, breeding and pup-rearing). North Chagrin coyotes responded the most during
the dispersal and pup-rearing seasons. West Creek Reservation had peak coyote
responses during the breeding and pup-rearing seasons. For all three reservations,
coyotes responded from natural areas more than from urban areas (Bedford 65%, North
Chagrin 79%, and West Creek 83%). Statistics showed that Bedford coyotes responded
more than West Creek coyotes. More coyotes responded during the dispersal season than
during the pup-rearing season. Coyote response rates increased the closer howl surveys
were performed to sunset and/or later at night (closer to midnight). Coyotes also
responded more to howl surveys when temperatures were low and the moon was visible.
Overall, howl surveys allowed for inexpensive monitoring of coyotes over large
areas in urban-park environments. Coupled with GIS, these surveys identified where
coyotes lived and the habitats they used, and therefore these methods provide the tools to
inform the public better about how they may coexist with coyotes.
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CHAPTER I
INTRODUCTION

Large carnivores are difficult to study because many of them are nocturnal,
secretive, difficult to capture and wary. Carnivores are now adapting to urban
environments and to the presence of humans. North American carnivores consist of
coyotes, foxes, raccoons, otters, striped skunks, weasels, minks, badgers, and bobcats.
Deer, beavers, and opossums also do well in urban settings because of little trapping,
abundant food and cover, and few predators (DeStefano and DeGraaf, 2003). More
urbanized carnivores frequently interact with humans (Gehrt, 2004) and a better
understanding of urban wildlife is therefore needed. Coyotes have become the “top
terrestrial predator” in northeastern North America (Gompper, 2002b). Coyotes are
choosing to live in urban areas where human interaction is common and few natural
habitats are available.
Very little is known about the ecology and behavior of these elusive Canids
around residential neighborhoods. Coyotes serve a role in the natural ecosystem by
controlling lower trophic levels and medium sized predators (Riley et al., 2003; Gehrt,
2006). Way et al. (2004) showed that coyotes travel long distances in their home ranges
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and they use all available habitats including large suburban neighborhoods. Coyote
territories have been found in large parks or forest preserves which have abundant food
and cover; however, coyotes are also found exploiting residential and even urban areas
(Gehrt, 2006). Ng et al. (2004) also showed that coyotes are adapting to survive in areas
that are commonly used by humans and domestic pets. Therefore, more studies need to
be conducted to examine where coyotes actually live within urbanized landscapes (Way
et al., 2004).
Home ranges are the areas animals use to meet their daily needs. A home range
for coyotes is an area used to find food, but they do not defend it from other coyotes.
Residents occupy consistent territories that vary seasonally when compared to the entire
home range that is occupied (Gompper, 2002a). Home ranges differ across seasons,
habitats, and with food availability (Whitaker and Hamilton, 1998; Voigt and Berg,
1999). Coyote home ranges vary little in urban areas because different habitat types are
present and food availability is more consistent (Grinder and Krausman, 2001).
Therefore, home ranges in urban areas are smaller (7 km2 or 3 mi2) than home ranges
found in rural areas (15 to 68 km2 or 6 to 26 mi2) (Andelt and Mahan, 1980). In Howard
and DelFrate’s (1991) study they recorded annual home ranges of resident coyotes as
17.9 ± 7.49 km² and for nomads (lone) 57.0 ± 23.03 km².
The part of a home range that is defended against other individuals of the same
species is called a territory (Odum and Kuenzler, 1955). Territoriality reduces
intraspecific competition (Odum and Kuenzler, 1955). Intruders are warded off by the
use of advertisement, threat, and attack (Bradbury and Vehrencamp, 1998). For example,
fox sparrows sing songs to warn other sparrows of their territory and attack intruders that

2

approach their areas (Alcock, 2005). By announcing a territory, resident individuals are
able to reduce physical encounters with others that can lead to injury. Territories,
therefore, provide reproductive and survival advantages to resident species by preventing
competitors from gaining access to mates, food, space, and cover (Gese, 2001). Coyotes
defend territory from other coyote groups by a number of ways. Howling and urine
scent-marking are important territory maintenance techniques that provide a source of
“communication” among family groups (Gompper, 2002a). Coyotes howl as a means of
passive territory maintenance to advertise their location over long distances and to warn
other coyotes to stay away (Jaeger et al., 1996). Borders are where chases of intruders
end by resident coyotes and where scent marking occurs (Neale et al., 2007). Defense of
territory is necessary to prevent neighbor and transient coyotes from taking over the
space. In an urban setting, coyote group territories may be small areas consisting of 800
hectares (3 mi2) to solitary coyote home ranges which may be over 6500 hectares (25
mi2) (Gehrt, 2006). Coyotes use the same areas from year to year; however territory sizes
may decrease with increased deer and hare densities (Patterson and Messier, 2001).
Cover is an important factor in coyote habitat, but a coyote can acclimate to
almost any environment (Grinder and Krausman, 2001). Coyotes prefer brushy country,
ravines, thickets, and small woodlots, but not dense forest (Whitaker and Hamilton,
1998). Resident (territorial) coyotes use different habitat types based on the season while
transient (lone) coyotes do not (Kamler et al., 2005). In Kamler et al.’s (2005) study,
resident coyotes chose habitat such as grasslands for hunting and woodland was used as
denning sites. Transient coyotes utilized the remaining habitat area that was not occupied
by resident coyote family groups.
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Information is required about the behavior of coyotes in urban settings in order to
develop any management plan for this species. Studying coyotes in human dominated
landscapes will determine where coyotes are located, possible coyote population sizes,
and what habitats coyotes use. In order to identify coyote territory, an effective
monitoring strategy is required. The knowledge about local coyote territories can provide
baseline data to educate the public and to determine how humans and coyotes can coexist. The goals of this study were (1) to determine if coyotes were inside and outside
each reservation, (2) to estimate the size of local coyote groups, (3) to determine if
coyotes were found in natural vs. urban habitats, and (4) to examine a coyote monitoring
technique of howl surveys combined with Geographical Information Systems (GIS).
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CHAPTER II
LIFE HISTORY

A coyote is a medium sized Canid that is native to North America (Young and
Jackson, 1978). Coyotes are slender, stand about 0.50 to 0.60 meters (1.5 to 2 feet) tall
and are approximately 105-135 centimeters (41-53 inches) in length, with tail length
about 40 centimeters (16 inches) (Ohio Division of Wildlife, 2009). Coyotes range in
color from grey to tan to reddish brown, with lighter bellies. They have long hair, and are
sometimes confused with German Sheppards as they also have a pointed snout, erect
ears, and a fluff tail with a black tip (CMP, 2009a). However, coyotes run with their tails
down and have a perfect step pattern in which the back foot steps in the track of the front
foot (CVNP, 2009). Coyotes molt once a year and their weight is often overestimated
due to their winter fur in cold regions (Audubon Society of Portland, 2009). Jon Way’s
(2007) study found that northeastern North American coyotes are larger than coyotes
found in other regions. Western coyote masses range from 9-16 kg (20-35 lbs), while in
northeastern North America coyotes are heavier at approximately 15-18 kg (33-40 lbs)
(Voigt and Berg, 1999). Males are heavier than females by almost 2 kg (4 lbs).
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Photo by Author

Picture provided by Rick Tyler and Erik Shaffer

Picture provided by Derek Nevar
Figure 1. Photographs of coyotes from Cleveland Metroparks. (A) Bedford
Reservation alpha female coyote investigating a bait site September, 2009; (B) North
Chagrin male coyote at bait site November, 2009; (C) North Chagrin coyote found
walking on road inside reservation October, 2009.
6

In the wild coyotes may to live up to 10 years of age, but 5-6 years is more
common (CMP, 2009b). Coyotes only have one serious enemy, humans (Whitaker and
Hamilton, 1998). Humans account for 90% of mortality in coyotes older than 5 months
(Voigt and Berg, 1999). The number one cause of death is vehicular collisions (50% 70%) (Gehrt, 2006). This mortality rate is similar to the 58% of radio collared squirrels
that were hit by cars in an urban study conducted by Robert McCleery et al. (2008).
Other causes of mortality to coyotes are shooting, malnutrition, and disease. Resident
coyotes are found to have higher survival rates when compared to transient (lone) coyotes
because they travel less (Neale et al., 2007).

7

CHAPTER III
SOCIAL BEHAVIOR

Coyotes live in family groups that consist of a highly organized dominance
hierarchy (Gese et al., 1996). In urban areas, coyote group sizes are believed to consist of
5-6 adult coyotes, plus pups born that year (Gehrt, 2006). Rural coyote family group
sizes are much smaller, sometimes consisting only of the alpha pair and pups. The
abundance of coyote groups is dependent upon food availability and the quality of
territorial habitat (Gompper, 2002a). Family group size also varies based on geographic
regions. It is believed that coyote groups are family members: Studies in Wyoming and
Alberta showed that groups of 3-8 coyotes were related individuals (Voigt and Berg,
1999). However, a study in Yellowstone National Park found that two coyotes dispersed
from one family group and were accepted into another (Gese et al., 1996). Therefore,
some coyote family groups accept non-relatives while others appear not to accept other
coyotes.
The leaders are the alpha pair (breeding adult male and female) which mates for
several years and sometimes even for life (National Audubon Society, 1996). Nonbreeding members of the family group are called betas, which are adult and yearling
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offspring from previous years that aid in the care of the young (Whitaker and Hamilton,
1998). The betas are subordinate to the alphas but dominate over pups. Family group
sizes are largest in spring and early summer when pups are born and smallest in fall and
winter when offspring disperse from the group. Family groups break up in late summer
or early fall and the young begin to hunt alone until winter (Whitaker and Hamilton,
1998). Dispersion from a coyote group normally occurs because of a lack of breeding
opportunity, reduced food availability, or increased social pressures (like inbreeding
avoidance, mate competition, and resource competition) (Gese et al., 1996). Food
availability determines the number of individuals that remain in the group over winter
(Gese et al., 1996).
Transient or solitary coyotes (also called nomads) are not part of a family group
but may cover an area that overlaps territories of resident coyotes. By remaining close to
other coyote areas, transients (normally 6 months to 2 years old) can be the first to claim
a new territory if a resident coyote dies (Howard and DelFrate, 1991; Gehrt, 2006).

3.1 Activity
Coyotes hunt alone, in pairs, and occasionally in large groups (Whitaker and
Hamilton, 1998). Generally coyotes travel alone. They are found to be most active
between 03:00 to 06:00 and 17:00 to 21:30 (Andelt and Mahan, 1980), but they can be
seen at any time of day, as Andelt (1995) showed that coyotes are active during day and
night, even if they are most active just after sunset. Voigt and Berg’s (1999) and Servin
et al.’s (2003) studies showed that most foraging was at night, but day activity increased
during the pup-rearing season perhaps because pups are more active than adults during
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the day. However, coyotes found in urban settings for the most part are nocturnal to
avoid human activity (Ohio Division of Wildlife, 2009). The amount of coyote
movement is related to food, water, cover, and social interactions (Howard and DelFrate,
1991). Alphas travel longer distances for food during the pup-rearing season (CVNP,
2009) and males travel farther than females (Whitaker and Hamilton, 1998; Servin et al.,
2003). Adult coyotes can cover 500-5000 hectares (2-20 square miles) depending on the
time of year (AFWA, 2006). During winter months, travel and coyote group foraging
sizes increase (Gompper, 2002a). Coyotes are active all year long even on the coldest
days; however, coyotes will remain in the den during severe storms (Whitaker and
Hamilton, 1998).

3.2 Diet
The diet of coyotes varies based on the season and abundance of food items
(Andelt, 1995). Coyotes are opportunistic predators and shift their diet to the most
available prey or food source (Gehrt, 2006). They depend on their vision, hearing, and
olfactory senses to locate prey (Whitaker and Hamilton, 1998). Coyotes eat rabbits,
mice, small mammals, birds, frogs, snakes, insects, fruit, and carrion (National Audubon
Society, 1996; Whitaker and Hamilton, 1998; CVNP, 2009). During the summer months,
diets consist of small mammals, fawns, plants, birds, and invertebrates (Voigt and Berg,
1999). During the winter, coyotes consume mostly deer and rabbits (Voigt and Berg,
1999). From 1998-1999 Jon Cepek (2004) identified prey items found in 50 coyote scat
samples located in the Cuyahoga Valley National Park and determined 80% of coyote’s
prey were mammalian (meadow voles (18.4%), eastern cottontails (13.2%), white-tailed
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deer (13.2%), raccoons (11.8%), muskrats (2.6%), unknown small and large mammals
(21.1%)); 9.2% were insects (beetles (7.9%) and grasshoppers (1.3%)); 9.2% were plant
material, and 1.3% were avian (woodpeckers). No domestic pets were identified in the
diet of coyotes in that study. In a 2007 follow-up report, Holly Bollin-Booth examined
scat found in the Cleveland Metroparks and Cuyahoga Valley National Park and sorted
1760 prey items from 944 coyote scat, (coyotes consumed small mammals (27.8%), deer
(23.5%), rabbits (8.1%), raccoons (5.8%), squirrels/chipmunks (3.5%), vegetation
(17.3%), and other items (13.5%). The other items consisted of woodchucks, other
mammals and synthetic materials (2.4% each), birds (2.3%), muskrats (1.4%), insects
(1.3%), dirt/stones (1.1%), reptiles/fish (0.5%), house cats (0.1%), and snails (<0.1%)).
Coyotes help control the density of deer, rodents, geese, and woodchucks
(National Audubon Society, 1996; CMP, 2009a). Coyotes also limit the population sizes
of smaller carnivores (Gompper, 2002a). It is believed that coyotes can manage deer
numbers; however predation of ungulates requires considerable risk of injury and very
low success rates (Atwood, 2006a). A study by Voigt and Berg (1999) showed that most
big game consumed by coyotes was carrion. However, coyotes have been found tracking
and taking down small deer (CMP, 2009a). Teer et al.’s (1991) study showed that
coyotes take fawns each year during the first weeks of life, though this study did not
show that coyotes controlled the deer population (Teer et al., 1991). Gehrt (2006) also
showed that coyotes in Chicago do not reduce deer populations, but they can slow deer
population growth in high density areas by taking the fawns. Gompper (2002a) suggests
that coyotes can take adult deer when snow prevents movement. Riley et al. (2003)
showed that urban coyotes in California mostly consumed natural food items rather than
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garbage and domestic pets. However, if food is provided by humans, coyotes quickly
learn not to fear people and will develop dependency upon the food source (APHIS,
2002).

3.3 Breeding Biology
Coyotes mate once a year between January and March (Voigt and Berg, 1999).
Pairs remain together for several years while both parents raise the pups (AFWA, 2006).
The female’s estrus period is 4-5 days and the gestation period is 60-65 days
(Gottschang, 1981). Offspring are born in April and May (Dobie, 1961). Litter sizes
range from 4-7 pups and coyotes are able to control the size of their litters based on food
availability, presence of other coyote populations, and predation (hunting) (Gehrt, 2006).
Litter size is influenced by food supply, winter conditions, social status, and population
densities (Neale et al., 2007). Culling coyotes alters the population dynamics and causes
coyotes to produce larger litters (Mitchell et al., 2004). In areas where coyotes are not
hunted, larger litter sizes are a sign of abundant food in the coyote’s territory (Gehrt,
2006). The females find a den and the subordinate coyotes help in raising the young.
Coyotes have multiple dens and can move pups if danger is present, but they will protect
an active den. Coyote favored den sites are riverbanks, well-drained slopes, and sides of
canyons, and gulches (National Audubon Society, 1996). In urban areas, dens are found
in storm drains, culverts, under storage sheds, vacant parks, and dry, dark places (APHIS,
2002).
The pups are born blind and weigh 250-275 grams (0.5 – 0.6 lbs) after two weeks
their eyes open (Whitaker and Hamilton, 1998). The female coyotes nurse the young
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until they are completely weaned around six weeks of age (Servin et al., 2003). During
this time, adult males forage more actively to gather enough food to feed the females and
their young. The adult coyotes regurgitate stomach contents in order to feed the pups
(Ohio Division of Wildlife, 2009). Once the pups are weaned, the alpha coyotes forage
separately and travel shorter distances (Servin et al., 2003). The pups travel longer
distances the older they become (Andelt, 1995). Pups begin leaving the den at 3 weeks of
age (Ohio Division of Wildlife, 2009) and travel with the family group at approximately
6 weeks of age (Gehrt, 2006). By one month old, the pups are able to eat meat (APHIS,
2002). Hunting skills are taught to the pups at 8 to 12 weeks of age (Ohio Division of
Wildlife, 2009), and by the end of the summer pups are traveling away from parents and
hunting alone or with siblings (Gehrt, 2006). The young disperse in fall when they are
nearly full grown at approximately 6 months of age (AFWA, 2006). Coyotes obtain adult
weight at about 9 months old (Whitaker and Hamilton, 1998) and are sexually mature at
the age of one (Gottschang, 1981). However, female coyotes normally do not breed until
their second year of life (Hilton, 1978).
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CHAPTER IV
EASTERN COYOTES

Coyotes were thought to only be found in the western United States (Audubon
Society of Portland, 2009). Records from the Pleistocene-early Holocene, PreColumbian and early European settler periods show that coyotes were probably present in
southern Mexico and Central America during these times (Hidalgo-Mihart et al., 2004).
Coyote remains found in the southeastern United States indicate that coyotes were
present 100-1000 years ago (Gipson, 1978). In the 18th century coyotes inhabited open
plains and grass prairies (Voigt and Berg, 1999; Timm, 2006). However, today coyotes
can be found throughout the entire United States, Canada and Mexico (APHIS, 2002;
Hidalgo-Mihart et al., 2004). Ohio’s first report was in 1919, and the first confirmed
Ohio coyote sighting was in Preble County in 1947 (Weeks et al., 1990). Today, coyotes
can be found inhabiting all 88 counties in Ohio (Gottschang, 1981; CVNP, 2009). The
first coyote sighting in Cuyahoga county occurred in 1983 (CMP, 2009a). Over the last
60 + years the numbers of coyotes have increased in Ohio. Coyotes are now the largest
predators in this area and they will continue to move into the eastern United States due to
increases in urban environments (Gompper, 2002a).
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Several factors may account for the migration of coyotes into the states east of the
Mississippi River: Humans altered the natural habitats though logging, agricultural
development, and deforestation (Gompper, 2002a; Hidalgo-Mihart et al., 2004; Audubon
Society of Portland, 2009). Wolves (both grey and red) were extirpated, which reduced
potential competition (Gompper, 2002b). Hunters occasionally released coyotes for
game sport, and sometimes captive coyotes were able to escape (Hill et al., 1987).
Coyotes were extremely adaptable and with the alterations to landscapes and elimination
of large predators, coyotes were able to expand their range.
Less clear are why eastern coyotes are larger in size than those coyotes found
elsewhere in the United States. Eastern coyotes may be larger as a response to larger
prey size and greater prey availability in the east, or eastern coyotes may not be coyotes
but rather hybrids with wolves and/or domestic dogs (Gompper, 2002a). Weeks et al.’s
(1990) study conducted from 1982 to 1988 analyzed a 414 skull collection from 71 of
Ohio’s counties and found only 2% were coy-dogs hybrids. Rashleigh et al.’s (2008)
study obtained 57 DNA sequences from coyote scat and determined 2 of these sequences
were of coy-dogs (3.5%). Therefore, it is believed that coy-dog hybrids are not common
because coyotes are highly seasonal breeders, coy-dog females have shifted estrus cycles,
domestic and coy-dog males do not tend to litters, and coy-dogs have a lower fertility
than domestic dogs or coyotes (Whitaker and Hamilton, 1998; Gehrt, 2006). The eastern
coyote most likely evolved from a Pleistocene era Canis that resembles today’s coyote
(Voigt and Berg, 1999). It is also possible that the eastern coyote is a hybridization of
Canadian wolves and coyotes (Gompper, 2002a). Another alternative is coyote
populations in the east hybridized with gray wolves and in southeastern United States,
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coyotes hybridized with red wolves (Voigt and Berg, 1999). However, more genetic
studies need to be conducted on eastern coyotes to determine this species’ genetic
heritage.
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CHAPTER V
MONITORING COYOTES

Vocalizations are an important form of communication among Canid populations
(Laundre, 1981; Gese and Ruff, 1998). Coyotes are the most vocal of all North American
wild mammals and vocalizations are the primary means of communication (Lehner,
1978). Other Canids that use vocalizations are wolves Canis lupus, Artic foxes Alopex
lagopus, dholes Cuon alpinus, and swift foxes Vulpes velox (Hartwig, 2005).
Vocalizations provide instant information about the vocalizer’s location from a long
distance and calls are important in territorial maintenance (Harrington and Mech, 1978).
In wolves, howling advertises territory, communicates locations of packs and minimizes
contact between groups (Laundre, 1981; Harrington and Mech, 1982).
According to Harrington and Mech in 1978, humans can hear wolves howling
from distances of 6.5 km or more in forested areas and 16 km in open tundra. In another
study conducted by Harrington and Mech in 1982, during optimal conditions, humans
could hear wolves howl from distances over 5 km (3 mi); however 3.2 km (2 mi)
appeared to be the maximum human range of hearing responses. Humans hear ranges
from 30-17,600 Hz, but the maximum hearing efficiency is 4,000 Hz (Shawley, 2009).
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Canines hear responses ranging from 67-44,000 Hz, but the maximum hearing efficiency
is achieved at 8,000 Hz (Shawley, 2009). Mitchell et al.’s (2006) study showed that
howls were transmitted to distances of 1000 m (0.6 mi) without any noticeable
degradation of information content. Howls stand out to humans as distinct vocalizations.
A time efficient and effective method of surveying for coyotes is coyote howl
surveys to monitor population presence (Cepek, 2000). Howl surveys are non-invasive,
cost efficient, and effective as a coyote monitoring technique (Ausband and Mitchell,
2008). In Hallberg’s (2007) study human subjects were able to estimate the number of
coyotes participating in the introduction of coyote group-yip howls. By counting each
individual coyote that joins the chorus, group size estimates can be determined during
surveys (Harrington and Mech, 1982; Pyrah 1984). Simulated howling along with
playbacks have been used to locate wolf packs, estimate sizes of packs and home ranges,
and identify factors that affect behavioral responses (Robbins and McCreery, 2003).
Sirens, bugles, broadcasting recorded coyote howls, human imitations of coyote howls
and other stimuli have all been used to elicit responses from wild coyotes (Henke and
Knowlton, 1995). Howl surveys allow a researcher to collect data about the location and
movements of individuals that are out of sight and not wearing radio-collars (Hartwig,
2005). However, only territorial coyote groups respond to howl surveys because
transient coyotes do not have territory to advertise (Henke and Knowlton, 1995; Gese and
Ruff, 1998). Howling behavior is not associated with the entire coyote territory, but to
specific resources and sites within the territory (Harrington and Mech, 1978).
Geographic Information Systems (GIS) can then be used to provide satellite
imagery of the areas where coyotes respond. In southwestern Idaho GIS maps were used
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to create a habitat index for black-tailed jackrabbits to demonstrate their spatial
distribution (Knick and Dyer, 1997). Browning et al.’s (2005) study on timber
rattlesnakes used a GIS-based model of habitats to identify favored areas and information
regarding management practices. Sand et al. (2005) used a Global Positioning System
(GPS) technology combined with GIS to obtain a detailed analysis of movement patterns
in wolves. Coyote howl survey responses combined with GIS, therefore, can serve as a
monitoring technique to help identify abundance, habitat use, and distribution of this
secretive species that are difficult to observe, track or capture.

19

CHAPTER VI
COYOTES IN NORTHEASTERN OHIO

In Northeastern Ohio coyotes are commonly found associated with the many park
systems in the region (Cepek 2000; Bollin-Booth 2007; Rashleigh et al. 2008). The
Cleveland Metroparks have at least three separate coyote groups that have made their
presence known in the greater Cleveland, Ohio area. In Bedford Reservation (Figure 2)
the coyote family group size is believed to be large, and local residents worry about the
safety of children and pets (Nozar, 2009). In North Chagrin Reservation (Figure 3) a
coyote tested positive for rabies in 2005 (Martin, 2008). In West Creek Reservation
(Figure 4) coyotes have been known to escort people out of the park (Tyler, 2008).
Studying coyotes on a small scale can provide a better understanding of how to manage
this species in larger urban areas. More information is needed about coyotes’ use of
urban landscapes in space and time (Grinder and Krausman, 2001). Atkinson and
Shackleton (1991) suggest that coyotes are using urban areas with high density human
populations. By studying coyote family groups in Bedford, North Chagrin and West
Creek Reservations, information on coyote behavior in a heterogeneous landscape will be
determined.
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My goal for this study was to assess the location of coyotes through GIS mapping
along a park/residential gradient. This study applied coyote howl responses to provide
information about coyote use of urban landscapes in northeast Ohio by determining: (1)
the location of local coyote groups; (2) local coyote group sizes; (3) the habitat types
where coyotes responded from; and (4) other information that could be used to educate
the public that live in and use areas near coyote habitat. In order to determine the amount
of urbanization for each reservation, GIS was utilized to plot habitats, to show the
distance between coyote locations and residencies, and to compare the distributions of
coyote groups among the three Metropark Reservations.
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Figure 2. Bedford Reservation. Eight survey sites were visited during howl surveys in
this reservation. “Survey Set A” sites were visited one week and “Survey set B” sites
were visited the following week. The rotation that survey sites were visited within a
survey set also rotated each week. The distances between survey sites are listed in this
figure.
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Figure 3. North Chagrin Reservation. Eight survey sites were visited during howl
surveys in this reservation. “Survey Set A” sites were visited one week and “Survey set
B” sites were visited the following week. The rotation that survey sites were visited
within a survey set also rotated each week. The distances between survey sites are listed
in this figure.
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Figure 4. West Creek Reservation. Four survey sites were visited during howl surveys
in this reservation. “Survey Set A” sites were visited one week and “Survey set B” sites
were visited the following week. The rotation that survey sites were visited within a
survey set also rotated each week. The distances between survey sites are listed in this
figure.
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CHAPTER VII
METHODS AND MATERIALS

7.1

Study Areas

The Cleveland Metroparks (CMP) are located in northeastern Ohio within the
metropolitan areas of Cleveland and Akron. The Cleveland Metroparks are called the
“Emerald Necklace” because they encircle the city of Cleveland (Figure 5). CMP were
established in 1917 and are the oldest park districts in the state of Ohio. There are 8,498
hectares (21,000 acres) of land in 16 reservations with over 160 km of roadways that
connect the forested Cleveland Metroparks. The areas involved in this study were
Bedford, North Chagrin and West Creek Reservations, which lay within Cuyahoga and
Lake Counties. Cuyahoga County population has approximately 1,394,000 people and
Lake County has approximately 227,500 people based on the 2000 census. In 2008,
approximately 43,000,000 people visited the Cleveland Metroparks (CMP, 2008).
Bedford, North Chagrin and West Creek Reservations were chosen for this study
because they are protected, they vary in urbanization level and the coyotes in these areas
are considered “problem” family groups. The region has a humid continental climate
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Figure 5. Map of study areas within Cuyahoga County, Cleveland, Ohio area. The
dots located within each reservation are practice howl survey sites. Practice surveys were
conducted for a one month period, from September 26, 2008 to October 17, 2008.
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with wet, cold winters; wet, cool springs; dry, warm summers; and dry, cool autumns.
Cleveland is bordered by Lake Erie to the north and the study areas are subject to varying
depths of snowfall. July is the warmest month of the year with temperatures around 22.0
degrees C (71.9 ºF) (Climate Zone 2003). January is the coldest month of the year with a
mean temperature of -4.0 degrees C (24.8 ºF) (Climate Zone 2003). On average, 93.0 cm
(36.6 inches) of precipitation falls in the Cleveland area each year (Climate Zone 2003).
Bedford, North Chagrin and West Creek Reservations have a mixture of park, forest,
woodlots, residential neighborhoods, industrial areas, commercial property, open water,
streams and wetlands. Many highways and secondary roads intersect these areas. The
predominant forest type is oak-hickory-beech-maple forest communities. The major river
system of the study areas is the Cuyahoga River.

7.1.1

Bedford Reservation

Bedford Reservation is located in the cities of Bedford, Bedford Heights,
Oakwood, Valley View, and Walton Hills, Ohio (Figure 2). This reservation contains
892 hectares (2,200 acres) of land and offers biking, hiking and bridle trails, cross
country skiing, picnic areas, golf courses, and bird/wildlife areas. In 2008, approximately
734,000 people visited this reservation (CMP, 2008). Tinkers Creek is a major stream
running through the park and the reservation is located between interstate highways 480,
271, and 77.

27

7.1.2

North Chagrin Reservation

North Chagrin Reservation is located in Mayfield Village, Willoughby Hills, and
Gates Mills, Ohio (Figure 3). This reservation contains 866 hectares (2,100 acres) of
land and offers biking, hiking and bridle trails, cross country skiing, picnic areas, fishing,
golf courses, an outdoor education facility, sledding, and bird/wildlife areas. In 2008,
there were 1,900,000 visitors in this reservation (CMP, 2008). Sunset Pond, Sanctuary
Marsh, Strawberry Pond, Oxbow Lagoons, and the Chagrin River are bodies of water in
this area. The reservation is located near interstate highways 271 and 90.

7.1.3 West Creek Reservation
West Creek Reservation is located in Parma, Ohio (Figure 4). This reservation
contains 112 hectares (280 acres) of land and offers trails and a picnic area. This
reservation did not have an estimated number of visitors for the year 2008 because it is
new to the Cleveland Metroparks system. West Creek is the major stream running
through the park and the reservation is located near highway 480.

7.2

Techniques for Monitoring Coyote Populations
7.2.1

Vocal Response

The most practical and least invasive way to study the distribution of coyotes is
through the use of howl surveys. Recorded coyote calls were used to elicit vocal
responses from coyotes in reservations. By inducing howling an individual can identify a
coyote’s location. Surveyors listened for any coyote response which could have
consisted of yelps, lone howls, group howls, or group yip howls (for definitions see Table
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I). Practice surveys were first performed to allow for familiarity with reservation
locations, the technique for performing the surveys, and to practice hearing and counting
coyote responses. Practice howl surveys were conducted from September 26, 2008 to
October 17, 2008. Practice howl surveys were performed once a week for 4 weeks.
Surveys began after 8 pm on Friday evenings when coyotes were most active and human

Table I

Coyote vocalization definitions (Lehner, 1978)

Yelps
Vocalization resembles a short howl broken into segments “yi-e-e-e”. Used as a startle
response, short duration and distance.
Lone howls
Vocalization announces location of individual coyotes separated from their social group.
Used to reunite group members, long duration and high amplitude.
Group howls
Two or more coyotes vocalize lone howls with different frequencies to announce their
location. Used to reunite group members, long duration and high amplitude.
Group yip howls
Vocalization announces territorial occupancy and prevents visual contact between coyote
groups. Howl is initiated by dominant individual, joined by more yips and howls by
others as vocalization intensity increases. Members will reunite, greet, and then group
yip howl, shorter duration than lone or group howl, and high amplitude.

activity was minimal in the reservations. Surveys continued until all sites were surveyed,
which on average took 3-4 hours to complete. There were 5 total survey sites for the
practice surveys (Table II, Figure 5). A systematic approach was used to ensure that all
parks were visited during different time periods (Table III). The data collected during
practice surveys served as a basis of where coyotes were found and possible numbers of
coyotes in each reservation. Recorded coyote calls (provided by the Cleveland
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Metroparks of eastern coyotes within the Cuyahoga Valley National Park) were played at
two different locations in the reservations to ensure full coverage of each park. Only one
location at West Creek Reservation was surveyed during practice surveys due to the
small size of this reservation.

Table II

Practice Site codes and description of coyote vocal response survey
site locations in Bedford, North Chagrin, and West Creek
Reservations, Ohio, September 26, 2008 – October 17, 2008.
CODE

Table III

DESCRIPTION

BED1

Parking area near Egbert Rd and Dunham Rd

BED2

From W. Grace St to Button Rd dead end (prairie)

NCR1

Foster’s Run

NCR2

Squire’s Castle

WCR

On road inside park before clearing

Systematic approach used to ensure each reservation was visited
during a different time period for practice surveys.
Systematic Approach to Visiting Parks
LOCATION
Bedford
BED1
BED2
N. Chagrin
NCR1
NCR2
West Creek
WCR

Week 1 Week 2 Week 3 Week 4
2
3

1
2

4
5

3
2

4
5

3
4

1
2

5
4

1

5

3

1
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7.2.2

Perimeter Howl Surveys

Perimeter howl surveys were conducted to determine if coyotes were inside or
outside each reservation. Perimeter howl surveys began on November 1, 2008 and ended
August 27, 2009. Perimeter howl surveys were performed once a week at each
reservation for a total of 38 weeks. Surveys began after 8 pm when coyotes were most
active and human activity was minimal in the reservations. Surveys continued until all
sites were surveyed, which on average took 3-4 hours to complete. Bedford and North
Chagrin Reservations each had a total of 8 survey sites (Table IV, Figures 2 and 3). Sites
were selected that 1) were on the perimeters of the park’s boundaries, 2) allowed access
to the survey area, and 3) were as far away from residential housing and other possible
sources of disturbances as possible. Each week 4 sites were surveyed in each reservation
and the following week the alternate survey sites were visited (Table V, Figures 2 and 3).
West Creek Reservation had 4 total survey sites (Table IV, Figure 4) and the perimeters
of the park were less accessible due to residential housing. The locations for site surveys
were in areas that allowed for access and were as close to the park’s boundaries as
possible. Each week 2 sites were surveyed and the following week the alternate two
survey sites were visited (Table V, Figure 4).
Perimeter howl surveys allowed for as much distance between survey sites as
possible (Figures 2, 3 and 4). The maximum distance between any two sites was 2.7 km
(1.6 mi) and the minimum distance was 1.0 km (0.6 mi). According to Wenger and
Cringan’s (1978) study, distance between survey sites should not exceed 3.2 km (2 mi).
Bedford and West Creek Reservations were surveyed during the same night and the
visitation sequence alternated each week. North Chagrin Reservation was surveyed on a
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separate evening during each week. A systematic approach was used to ensure survey
sites at each reservation were visited during different time periods (from 8:30 PM to
11:30 PM) over different days of the week (Table VI). Surveys were not conducted if
high winds, rain, or snow storms occurred; the survey was cancelled and rescheduled
within 3 days of the predetermined survey date.

Table IV

Perimeter site codes and description of coyote vocal response survey
site locations in Bedford, North Chagrin, and West Creek
Reservations, Ohio, November 1, 2008 – August 27, 2009.
Bedford Perimeter Survey Sites (Figure 2)
BED1 = Prairie off of Button Road
BED2 = Girl Scout Cabin
BED3 = Willis Picnic Area
BED4 = Shawnee Hills Golf Course Turf Management Center
BED5 = Bridal Veil Falls Parking Lot
BED6 = 1st parking area on left side of Overlook Lane
BED7 = 15655 Alexander Road location on top of hill
BED8 = Bedford Maintenance Building
North Chagrin Perimeter Survey Sites (Figure 3)
NCR1 = Whispering Woods Parking Lot
NCR2 = Old River Farm Picnic Area
NCR3 = Oxbow Lane and River Road Intersection
NCR4 = Foster’s Run
NCR5 = Forest Trail Head Parking Log
NCR6 = N. Chagrin Nature Center Parking Lot
NCR7 = Sunset Lane and Buttermilk Falls Parkway Parking Lot
NCR8 = Strawberry Pond Picnic Area Parking Lot
West Creek Perimeter Survey Sites (Figure 4)
WCR1 = West Creek Maintenance Building
WCR2 = West Creek Reservation Parking Lot
WCR3 = WKYC Radio Tower
WCR4 = WBNX Radio Tower
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Table V

Perimeter survey site sets surveyed together in Bedford, North
Chagrin, and West Creek Reservations, Ohio, from November 1, 2008
– August 27, 2009. “A” sites were surveyed one week and “B” sites
were surveyed the following week.
Bedford “Survey Set A” Sites Visited Together during Survey
BED1 = Prairie off of Button Road
BED3 = Willis Picnic Area
BED5 = Bridal Veil Falls Parking Lot
BED7 = 15655 Alexander Road location on top of hill
Bedford “Survey Set B” Sites Visited Together during Survey
BED2 = Girl Scout Cabin
BED4 = Shawnee Hills Golf Course Turf Management Center
BED6 = 1st parking area on left side of Overlook Lane
BED8 = Bedford Maintenance Building
North Chagrin “Survey Set A” Sites Visited Together during Survey
NCR1 = Whispering Woods Parking Lot
NCR3 = Oxbow Lane and River Road Intersection
NCR5 = Forest Trail Head Parking Lot
NCR7 = Sunset Lane and Buttermilk Falls Parkway Parking Lot
North Chagrin “Survey Set B” Sites Visited Together during Survey
NCR2 = Old River Farm Picnic Area
NCR4 = Foster’s Run
NCR6 = N. Chagrin Nature Center Parking Lot
NCR8 = Strawberry Pond Picnic Area Parking Lot
West Creek “Survey Set A” Sites Visited Together during Survey
1 = West Creek Maintenance Building
4 = WBNX Radio Tower
West Creek “Survey Set B” Sites Visited Together during Survey
2 = West Creek Reservation Parking Lot
3 = WKYC Radio Tower
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Table VI

Visit
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Systematic approach used to ensure each reservation was visited at all time periods for perimeter surveys.

Sites
1,3,5&7
11/1/08
11/17/08
12/3/08
12/19/08
1/4/09
1/20/09
2/5/09
2/21/09
3/9/09
3/25/09
4/10/09
4/26/09
5/12/09
5/28/09
6/13/09
6/29/09
7/15/09
7/31/09
8/16/09

North Chagrin Reservation
Sites
Order
2,4,6,&8
Order
1, 3, 5, 7
11/9/08
2, 4, 6, 8
3, 5, 7, 1
11/25/08
4, 6, 8, 2
5, 7, 1, 3
12/11/08
6, 8, 2, 4
7, 1, 3, 5
12/27/08
8, 2, 4, 6
1, 3, 5, 7
1/12/09
2, 4, 6, 8
3, 5, 7, 1
1/28/09
4, 6, 8, 2
5, 7, 1, 3
2/13/09
6, 8, 2, 4
7, 1, 3, 5
3/1/09
8, 2, 4, 6
1, 3, 5, 7
3/17/09
2, 4, 6, 8
3, 5, 7, 1
4/2/09
4, 6, 8, 2
5, 7, 1, 3
4/18/09
6, 8, 2, 4
7, 1, 3, 5
5/4/09
8, 2, 4, 6
1, 3, 5, 7
5/20/09
2, 4, 6, 8
3, 5, 7, 1
6/5/09
4, 6, 8, 2
5, 7, 1, 3
6/21/09
6, 8, 2, 4
7, 1, 3, 5
7/7/09
8, 2, 4, 6
1, 3, 5, 7
7/23/09
2, 4, 6, 8
3, 5, 7, 1
8/8/09
4, 6, 8, 2
5, 7, 1, 3
8/24/09
6, 8, 2, 4

Sites
1,3,5&7
11/4/08
11/20/08
12/6/08
12/22/08
1/7/09
1/23/09
2/8/09
2/24/09
3/12/09
3/28/09
4/13/09
4/29/09
5/15/09
5/31/09
6/16/09
7/2/09
7/18/09
8/3/09
8/19/09

Bedford Reservation
Sites
Order
2,4,6,&8
1, 3, 5, 7
11/12/08
3, 5, 7, 1
11/28/08
5, 7, 1, 3
12/14/08
7, 1, 3, 5
12/30/08
1, 3, 5, 7
1/15/09
3, 5, 7, 1
1/31/09
5, 7, 1, 3
2/16/09
7, 1, 3, 5
3/4/09
1, 3, 5, 7
3/20/09
3, 5, 7, 1
4/5/09
5, 7, 1, 3
4/21/09
7, 1, 3, 5
5/7/09
1, 3, 5, 7
5/23/09
3, 5, 7, 1
6/8/09
5, 7, 1, 3
6/24/09
7, 1, 3, 5
7/10/09
1, 3, 5, 7
7/26/09
3, 5, 7, 1
8/11/09
5, 7, 1, 3
8/27/09
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Order
2, 4, 6, 8
4, 6, 8, 2
6, 8, 2, 4
8, 2, 4, 6
2, 4, 6, 8
4, 6, 8, 2
6, 8, 2, 4
8, 2, 4, 6
2, 4, 6, 8
4, 6, 8, 2
6, 8, 2, 4
8, 2, 4, 6
2, 4, 6, 8
4, 6, 8, 2
6, 8, 2, 4
8, 2, 4, 6
2, 4, 6, 8
4, 6, 8, 2
6, 8, 2, 4

West Creek Reservation
Sites
Sites
1&3
Order
2&4
Order
11/4/08
1, 3
11/12/08
2, 4
11/20/08
3, 1
11/28/08
4, 2
12/6/08
1, 3
12/14/08
2, 4
12/22/08
3, 1
12/30/08
4, 2
1/7/09
1, 3
1/15/09
2, 4
1/23/09
3, 1
1/31/09
4, 2
2/8/09
1, 3
2/16/09
2, 4
2/24/09
3, 1
3/4/09
4, 2
3/12/09
1, 3
3/20/09
2, 4
3/28/09
3, 1
4/5/09
4, 2
4/13/09
1, 3
4/21/09
2, 4
4/29/09
3, 1
5/7/09
4, 2
5/15/09
1, 3
5/23/09
2, 4
5/31/09
3, 1
6/8/09
4, 2
6/16/09
1, 3
6/24/09
2, 4
7/2/09
3, 1
7/10/09
4, 2
7/18/09
1, 3
7/26/09
2, 4
8/3/09
3, 1
8/11/09
4, 2
8/19/09
1, 3
8/27/09
2, 4

Howl surveys were performed in accordance with methods used by the Cuyahoga
Valley National Park fall survey protocol (NPS, 1993). A recorded group coyote call on
CD, a hand held coyote caller and a siren were used to stimulate a response from local
coyotes within or around the three separate Cleveland Metropark Reservations. The
group coyote call on CD was the same stimulus that was used during the practice surveys.
The CD was played from a hand held Emerson Digital Sound CD player, model
#PD6560, and broadcast using a RadioShack Powerhorn (10 watt), model #32-2038A.
This call contained at least 4 coyotes and was considered a “group yip-howl”. The hand
held coyote caller device, made by FoxPro System (103 decibels), model #416B,
broadcasted a “group howl” call of 2 coyotes. The CD and hand held coyote caller were
alternated each month to reduce the tendency of coyotes becoming habituated to the calls.
The siren (which was built-in on the bullhorn) was used throughout the entire study to
provide consistency. A coin was flipped at the beginning of each survey to determine the
order that stimuli would be used at a given survey site.
Prior to a survey, the location, time, wind direction, easting and northing of the
survey location, and cloud cover were noted. The CD, caller, or siren were played for 1520 seconds in a 360 degree radius. After the call was played, two surveyors listened for
responses for 5 minutes. If a response from coyote(s) was heard, the howl response
number, yip response number, type of stimulus (call) used during the survey, bearing to
the responding coyote(s), distance to the response and pack name associated with the call
were recorded (Table VII). Distance was estimated as A: within 0.8 km (0.5 mi) (loud
but close), B: between 0.8-1.6 km (0.5 – 1 mi) (clear and moderately loud), and C:
greater than 1.6-2.4 km (1 – 1.5 mi) (audible but difficult to distinguish) (Pyrah, 1984).
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Table VII

Data collection log used to record information during howl surveys.

Coyote Howl Survey Form
Location: ___________________
Wind: _________
(Direction - leaves moving = 15 mph)

Surveyors: ____________________________

1 = Group Howl
Temp: ______ 2 = Siren
3 = Ambulance
4 = Police Siren

General Area: ___________

Distance:

A = within 0.8 km (0 to 0.5 miles) Loud and Close
B = 0.8-1.6 km (0.5 to 1 mile) Clear and Moderately Loud
C = 1.6-2.4 (1 to 1.5 mile) Audible, difficult to distinguish

GPS
SP NAD 83
Group Type of
Date Time Waypoint Accuracy Easting Northing Howls Yips Estimate Call Extra Bearing Distance Group
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Sky

Other
Inform

Direction was recorded by pointing a compass toward the responding coyote(s) and
documenting the azimuth. One minute of silence defined the end of a coyote howling
event (Gese and Ruff, 1998). If coyotes responded to the first stimulus, data were
collected and the surveyors moved to the next survey site. If no response was heard after
5 minutes, the stimulus that was not previously sounded was played for approximately
15-20 seconds and surveyors again listened for coyote responses for 5 minutes. If there
were no responses after the second call, no responses were recorded and surveyors moved
to the next site. There were 15 minutes or more between howl survey stations. The
coyote howl survey protocol was approved by Cleveland State University’s Institutional
Animal Care and Use Committee (IACUC), protocol #2903-JUD-AS.

7.3
7.3.1

Technique for Assessing Coyote Habitat
Geospatial Information Systems (GIS)

ArcGIS 9.3, (ESRI® ArcMap) and ERDAS Imagine, (versions 9.3 and 10.0) were
used to establish the study areas and coyote response locations. The steps that were taken
to create maps were (1) to classify the unsupervised image, (2) to determine the criteria
that would be analyzed, (3) to associate unsupervised classifications with the aerial
photos, and (4) to field check the results (Clapham, 2003, Clapham 2005). Satellite
images and aerial photos of six quadrangles around each reservation were uploaded into
ERDAS. The satellite images were from August 25, 2007 (summer) and March 10, 2007
(winter). Digital line graphs (DLGs) of boundaries located in each study area were
downloaded and used in ArcView to determine each reservation’s boundaries. The
summer and winter satellite images were rectified to the road DLGs with less than 0.5
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pixel error. The satellite images were then layer-stacked together to create a 14 band
satellite image (containing both summer and winter images). Aerial photos were grouped
together for each reservation using ERDAS. The mosaiced aerial photos were then
rectified to the 14 band satellite image of each reservation (with less than 0.5 pixel error).
ISODATA map classifications created 75 classes for each reservation (using a 0.99
convergence). The quantitative classifications of the 75 classes used gradients of canopy,
grass, impervious surfaces (urban), or water to create land-cover classification maps
(Clapham, 2003, Clapham 2005). The original 75 classes were reclassified into 8 landuse types based on habitats that coyotes may be found using: dense canopy, medium
canopy, low canopy, grass, high density urban, medium density urban, low density urban,
and water (Table VIII). The 8 land-cover types were field checked and had a producer
accuracy of 85% or more (Tables IX, X, and XI). Buffer zones (1.6 - 8 km or 1 - 5 miles)
were added around each reservation so habitat types could be compared. The land-cover
classification maps determined the percentage of habitats (canopy, grass, urban and
water) for each reservation.
Once the study area maps were created, ArcView and ERDAS were used to create
maps of each reservation, show survey site locations, pinpoint coyote response areas and
determine what habitats coyotes used. In order to determine the location of coyotes,
simple trigonometry was used to locate a near easting/northing location and a far
easting/northing location (based on coyote responses). A buffer zone of 15 m (50 feet)
was created around the line that connected the new eastings/northings. The area within
the buffer zone was used to examine the land-cover types where coyotes may have been
found when responding to howl surveys.
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7.3.2

Statistical Analysis

Summary statistics and graphics were constructed to illustrate coyote responses
by reservation and time. A p-value of 0.05 or less was deemed a significant result.
Analysis was compiled using the SPSS software package, version 17.0. Chi-square tests
were performed to determine if exploratory categorical variables were associated with a
binary (yes/no) response by coyotes. Logistic regression was used to determine
association of continuous variables with a binary (yes/no) response of coyotes. Another
statistical approach that was used was a multiple regression to compare outcome
variables to total coyote responses. Poisson regression procedure was used to predict the
number of responses heard from coyotes. A backwards regression procedure removed
variables with the highest non-significant p-value until only significant predictor
variables remained. Coyote group sizes were estimated based on the highest number of
responses in winter vs. summer months for each reservation.

39

Table VIII

The original 75 Landsat satellite classes were reclassified into 8 landcover types for each reservation. The recoded data are listed by landcover type for each study area. The numbers refer to pixel percentages.

Land-cover Types
Dense Canopy
Medium Canopy
Low Canopy
Grass
High Density Urban
Medium Density Urban
Low Density Urban
Water

Bedford Reservation
Canopy (%) Grass (%) Impervious (%) Water (%)
≥ 80
≤ 10
≤ 10
≤5
≥ 70
≤ 15
≤ 15
≤5
≥ 50
≤ 30
≤ 25
≤5
≤ 20
≥ 50
≤ 35
≤5
≤ 10
≤ 10
≥ 85
≤ 10
≤ 10
≤ 20
≥ 75
≤5
≤ 45
≤ 35
30-70
≤ 25
0
0
≤ 70
≥ 30

North Chagrin Reservation
Land-cover Types
Canopy (%) Grass (%) Impervious (%) Water (%)
Dense Canopy
≥ 80
≤ 10
≤ 10
≤1
Medium Canopy
≥ 70
≤ 25
≤ 10
≤ 10
Low Canopy
≥ 50
≤ 50
≤ 30
≤ 10
Grass
≤ 30
≥ 55
≤ 20
≤ 10
High Density Urban
≤5
≤ 15
≥ 85
≤5
Medium Density Urban
≤ 10
≤ 30
≥ 70
≤5
Low Density Urban
≤ 45
≤ 60
30-65
≤ 15
Water
≤5
≤5
0
≥ 90

West Creek Reservation
Land-cover Types
Canopy (%) Grass (%) Impervious (%) Water (%)
Dense Canopy
≥ 80
≤ 10
≤ 10
0
Medium Canopy
≥ 70
≤ 10
≤ 20
0
Low Canopy
≥ 40
≤ 50
≤ 30
≤ 35
Grass
≤ 20
≥ 50
≤ 30
≤ 10
High Density Urban
≤ 10
≤ 10
≥ 85
≤5
Medium Density Urban
≤ 25
≤ 25
≥ 70
≤ 10
Low Density Urban
≤ 30
≤ 40
40-65
≤ 10
Water
≤5
≤5
≤ 30
≥ 65
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Table IX

Bedford Reservation error matrix for unsupervised classifications based on land cover classes.

Bedford Reservation
Land Use/Cover Class

Den. Canopy

Med Canopy

Dense Canopy

77

3

Low
Canopy

Grass

High
Urban

4

1

4

3

7

76

8

5

94

Med
Urban

Low
Urban

Water

SUM

6

1

92

0.84

91

0.78

97

0.78

2

98

0.96

81

93

0.87

97

0.97

7

92

0.82

70

96

0.73

User
Accuracy

9.98
Medium Canopy

5

71

1

9.51
1

Low Canopy

7

12.19
2

Grass

15.81
2

High Density Urban

7

3

13.78
3

Medium Density Urban

94
12.19

3

Low Density Urban

7

75
11.32

2

3

SUM

82

79

95

122

112

95

93

78

Producer Accuracy

0.94

0.90

0.80

0.77

0.72

0.99

0.81

0.90

Water

16

5

9.9

41

756

0.85

Table X

North Chagrin Reservation error matrix for unsupervised classifications based on land cover classes.

North Chagrin Reservation
Land Use/Cover Class

Den.
Canopy

Med Canopy

Low
Canopy

Grass

Dense Canopy

81

4

6

12

82

12

High
Urban

Med
Urban

Low
Urban

Water

SUM

User
Accuracy

2

105

0.77

94

0.87

97

0.95

109

0.98

2

111

0.83

2

109

0.95

90

100

0.90

112

0.96

10.66
Medium Canopy

9.88
2

Low Canopy

92

2

1

12.98
Grass

1

1

107
19.01
17

High Density Urban

92
12.60
3

Medium Density Urban

104
13.80

8

Low Density Urban

2

11.71
Water

3

1

1

107

SUM

85

88

112

146

95

106

98

107

Producer Accuracy

0.95

0.93

0.82

0.73

0.97

0.98

0.92

1.00

14.32

42

837

0.91

Table XI

West Creek Reservation error matrix for unsupervised classifications based on land cover classes.

West Creek Reservation
Land Use/Cover Class

Den.
Canopy

Med
Canopy

Dense Canopy

95

4

Low
Canopy

Grass

High
Urban

Med
Urban

Low
Urban

Water

SUM

User
Accuracy

4

3

106

0.90

114

0.78

78

0.86

98

0.96

4

101

0.96

87

87

1.00

92

0.90

105

0.78

14.39
Medium Canopy

7

89

6

10

67

4

2

13.87
Low Canopy

4

2

1

7.59
94

Grass

4

14.05
97

High Density Urban

15.52
Medium Density Urban

11.25
2

Low Density Urban

7

83
10.48

1

Water

22

82
11.02

SUM

106

95

76

112

120

101

89

82

Producer Accuracy

0.90

0.94

0.88

0.84

0.81

0.86

0.93

1.00

43

781

0.89

CHAPTER VIII
RESULTS

8.1
8.1.1

Technique for Monitoring Coyote Population
Vocal Response and Perimeter Howl Surveys

Three hundred eighty nine (389) howl surveys were conducted from September
26, 2008 to August 27, 2009 during a total of 285 research hours. There were 66 separate
coyote responses (including all reservations) and 183 individual coyotes were heard for
the entire study. In Bedford Reservation, 152 howl surveys (42 sets of surveys) were
performed and a total of 109 coyotes (the same coyotes multiple times) responded 37
times over the entire study (there were no replies during 115 surveys). The North
Chagrin Reservation coyote group had 50 coyotes (the same coyotes multiple times)
respond 19 times during 157 surveys (42 sets of surveys). For 138 of the surveys no
coyote responses were heard in North Chagrin Reservation. West Creek Reservation had
24 coyotes answer 10 times when 80 howl surveys (42 sets of surveys) were conducted.
During 70 surveys, West Creek Reservation had zero coyotes reply. Overall, there was a
24% response rate from coyotes in Bedford Reservation, a 12% response rate in North
Chagrin Reservation and a 12.5% response rate in West Creek Reservation. For the
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entire study, 16.9% of the time coyotes responded during howl surveys (83.1% no
responses were heard).
For each reservation the individual calls recorded during a survey night were
totaled for comparative purposes and population estimation based on winter (September –
February) and summer (March – August) months.

In Bedford Reservation, the highest

number of responding individual coyotes (13) occurred on October 17, 2008 and the
lowest response of one individual took place on April 29, 2009 (Figure 6). An estimation
of Bedford coyote group size is a minimum of 13 coyotes during winter months and at
least 11 coyotes during the summer. A high of 5 responding coyotes occurred in North
Chagrin Reservation on November 9, 2008, November 19, 2008, and December 18, 2008
(Figure 7). The fewest responses from a single coyote in this reservation occurred on
October 10, 2008, December 11, 2008, February 24, 2009, and March 28, 2009. The
results suggest that in North Chagrin Reservation there were at least 5 coyotes present
during the winter and a minimum of 4 coyotes in the summer. In West Creek
Reservation, a high of 5 individual calls were heard on July 19, 2009 and a low of 1
responding individual coyote on October 10, 2008 (Figure 8). In West Creek Reservation
at least 3 coyotes were present during winter months and 5 coyotes during the summer
months.
Coyote group responses were compared by month in each reservation (Figure 9).
The seasons were defined as dispersal (September 1 to December 31), breeding (January
1 to April 30), and pup-rearing (May 1 to August 31). The response of coyotes varied
based on the reservation. Bedford had peak responses during the dispersal, breeding, and
pup-rearing seasons. North Chagrin had peak coyote responses during dispersal and pup-
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rearing seasons. West Creek had the most coyote responses during the breeding and pup-

rearing seasons.

14

6

5

3

Bedford Coyote Responses

12

8

2
2

46

Responses

3

10

2

3

3
2

4
2
2
3

2

0

Survey Date

Figure 6. Coyote responses by date in Bedford Reservation. The number in red
indicates the number of separate responses in a given survey night.
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Figure 7. Coyote responses by date in North Chagrin Reservation. The number in
red indicates the number of separate responses in a given survey night.
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Figure 8. Coyote responses by date in West Creek Reservation. The number in red
indicates the number of separate responses in a given survey night.
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Coyote Responses by Month

Bedford

Total Coyote Respones

30

North Chagrin

25

West Creek

20
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Month

Figure 9. Comparison of total coyote responses in Bedford (109), North Chagrin
(50), and West Creek (24) Reservations by month from September 26, 2008 to
August 27, 2009. The seasons were defined as dispersal (September 1 to December 31),
breeding (January 1 to April 30), and pup-rearing (May 1 to August 31).
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The responses of coyotes in each reservation were further examined by
determining the number of group responses, lone responses, number of howls, and
number of yips that were collected during howl surveys. In Bedford Reservation, 25
coyote group calls and 12 lone coyote responses were counted during data collection.
Based on these replies, 56 were howls and 53 were yips (Figure 10). North Chagrin
Reservation coyotes responded 13 times as a group and 6 times as a lone response. Of
the 50 calls recorded, 29 coyotes answered by howling, while 21 coyotes responded with
yips (Figure 11). Seven (7) coyote group calls and 3 lone howls were heard in West
Creek Reservation. These replies consisted of 10 coyotes replying by howling and 14
coyotes performing yips (Figure 12).
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Figure 10. Bedford coyote howl vs. yip responses based on survey dates. Out of 109
coyote responses, coyotes replied with 56 howls and 53 yips.
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Figure 11. North Chagrin coyote howl vs. yip responses based on survey dates. Out
of 50 coyote responses, coyotes replied with 29 howls and 21 yips.
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Figure 12. West Creek coyote howl vs. yip responses based on survey dates. Out of
24 coyote responses, coyotes replied with 10 howls and 14 yips.

Each reservation was then broken down by survey site to see which areas received
the most coyote responses. In Bedford Reservation sites #1 & #7 had the highest amount
of coyote replies when howl surveys were performed in these areas (Figure 13). North
Chagrin’s survey sites #1 & #3 had the highest response rate when compared to the other
survey sites (Figure 14). Most of the responses from Site #1 occurred during winter and
the responses from site #3 occurred during the summer months. There were no responses
from survey site #4 in North Chagrin Reservation (practice site 1 was the same location).
In West Creek Reservation practice site and site #1 each had 3 separate coyote responses
occur when surveys were conducted (Figure 15). These areas were located in the
northern section of the park. No coyote responses were heard during howl surveys when
site # 3 was visited.
Within all reservations there were occasional disturbances which altered data
collection. In Bedford Reservation and North Chagrin Reservations, sites were relocated
due to limited hearing by water (stream). In Bedford Reservation, howl surveys at site #2
could not be conducted due to baseball games on June 9, 2009, July 10, 2009, and July
27, 2009.
During howl surveys “other” disturbances induced coyote responses, such as
ambulances and fire trucks; each was recorded. Three of these causes in Bedford
Reservation triggered a total of 5 separate coyote responses on March 19 & 31, 2009 and
July 19, 2009. In West Creek Reservation, one “other” cause produced 2 separate coyote
replies on October 17, 2008.
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Figure 13. Bedford Reservation coyote responses by survey site.
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Figure 14. North Chagrin Reservation coyote responses by survey site.
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Figure 15. West Creek Reservation coyote responses by survey site.

8.2

Distribution and Habitat Differences of Coyote Populations (GIS)

The available habitat for each reservation and buffer zones (1.6 – 8 km or 1-5
miles) differed from one study area to the next. The buffer zones were created to show
how the habitat changed from 1.6 – 8 km away from each reservation. Bedford, North
Chagrin, and West Creek Reservations with surrounding areas were found to have mostly
canopy and urban, with around one-tenth grass, and 1-2% water. Bedford Reservation
had an increased amount of medium density urban in the 6.4 km zone. Overall, North
Chagrin had the most canopy available in it and West Creek Reservation was the most
urban of the three reservations. The eight available habitat types where coyotes may
have been found can be seen in the land-cover classification maps (Table XII, Figures 16,
17, and 18).
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Table XII

Park

Bedford
North
Chagrin
West
Creek

The percentage (%) of habitat types present in the land-cover
classification maps for Bedford, North Chagrin, and West Creek
Reservations. The numbers represent pixel percentages.

Grass
(%)

High
Density
Urban
(%)

Medium
Density
Urban
(%)

Low
Density
Urban
(%)

Water
(%)

6

10

17

18

21

1

8

5

11

8

6

24

2

5

8

12

26

17

17

1

Dense
Canopy
(%)

Medium
Canopy
(%)

Low
Canopy
(%)

22

4

36
13

The estimated coyote locations were determined by the 0.8 km distance estimates
that were collected from howl survey responses (within 0.8 km, 0.8 to 1.6 km, or 1.6 to
2.4 km). A near easting/northing and a far easting/northing coyote location were
determined (based on the distance estimate) and a line was drawn between the two points.
A buffer zone of 15 m (30 km total) was added around the line to account for any error
that may have occurred during data collection. The estimated coyote locations were
determined to be somewhere inside each coyote location zone. Bedford Reservation had
37 coyote locations, North Chagrin had 19 coyote locations, and West Creek Reservation
had 10 coyote locations and these locations were used to generate the habitat use by
responding coyotes (Figures 19, 20 and 21).
For each reservation, the land-use classification types present in each coyote
location zone were combined in order to determine the habitat types in which coyotes
most likely responded. In Bedford Reservation, the majority of responses came from
dense canopy (37%), medium density urban (16%), and grass (13%). When the habitat
classifications were grouped together (natural vs. urban), 65% of coyote responses came
from natural areas and 35% were from urban areas (Figure 22). In North Chagrin
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Reservation, coyote response locations were estimated to occur mostly in dense canopy
(52%), low density urban (15%), and medium canopy (12%). When grouped, coyotes
responded from natural areas 79% of the time and in urban areas only 21% (Figure 23).
In West Creek Reservation, most responses came from dense canopy (46%), medium
canopy (17%), and grass (13%) and when grouped, coyotes responded from natural areas
83% of the time and urban areas 17% of the time (Figure 24).
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8.2.1

Bedford Reservation

Figure 16. The aerial photo and land-cover classification maps for Bedford
Reservation. The buffer zones (1.6-8 km) show the change in habitat away from the
reservation.
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8.2.2

North Chagrin Reservation

Figure 17. The aerial photo and land-cover classification maps for North Chagrin
Reservation. The buffer zones (1.6-8 km) show the change in habitat away from the
reservation.
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8.2.3 West Creek Reservation

Figure 18. The aerial photo and land-cover classification maps for West Creek
Reservation. The buffer zones (1.6-8 km) show the change in habitat away from the
reservation.
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Figure 19. Coyote location zones in Bedford Reservation. The coyote location zone
shows the estimated area of where coyote(s) responded to howl surveys. The different
colors inside the zones represent the eight land-cover classification types. The
reservation boundaries are highlighted in yellow.
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Figure 20. Coyote location zones in North Chagrin Reservation. The coyote location
zone shows the estimated area of where coyote(s) responded to howl surveys. The
different colors inside the zones represent the eight land-cover classification types. The
reservation boundaries are highlighted in yellow.
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Figure 21. Coyote location zones in West Creek Reservation. The coyote location
zone shows the estimated area of where coyote(s) responded to howl surveys. The
different colors inside the zones represent the eight land-cover classification types. The
reservation boundaries are highlighted in yellow.
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Figure 22. Pie graphs of Bedford habitat summaries and coyote location zones. Top
left: summary of the habitats for the reservation and surrounding areas. Top right: habitat
summary by natural vs. urban areas. Bottom left: habitats found within coyote location
zones. Bottom right: habitats found within coyote location zones by natural vs. urban
areas.
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Figure 23. Pie graphs of North Chagrin habitat summaries and coyote location
zones. Top left: summary of the habitats for the reservation and surrounding areas. Top
right: habitat summary by natural vs. urban areas. Bottom left: habitats found within
coyote location zones. Bottom right: habitats found within coyote location zones by
natural vs. urban areas.
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Figure 24. Pie graphs of West Creek habitat summaries and coyote location zones.
Top left: summary of the habitats for the reservation and surrounding areas. Top right:
habitat summary by natural vs. urban areas. Bottom left: habitats found within coyote
location zones. Bottom right: habitats found within coyote location zones by natural vs.
urban areas.
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8.3

Statistical Results

Applying the chi-square test for location of park, sky condition, type of stimulus,
order of stimulus and seasons were not significantly associated with binary response (yes
a response/no response) (Table XIII). Continuous predictor variables of minutes from
sunset, time of night, temperature, and moon phase were not significant with logistic
regression (Table XIV).

Table XIII

P-values of categorical variables from Chi-square tests

Variable
Parks
Sky/Cloud Cover
Type of Stimuli (CD vs. Caller)
Order of Calls (Stimuli)
Seasons

Table XIV

p-value
0.272
0.195
0.896
0.713
0.096

P-vales of continuous variables from logistic regression tests
Variable
Sunset
Time of Night
Temperature
Moon Phase

p-value
0.672
0.612
0.452
0.403

Poisson regression procedure was used to predict how many responses showed
significance. Applying a backwards regression to remove only sky condition, the
variables necessary to produce a model were park, season, time of sunset, time of night,
temperature, and moon phase (Table XV).
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Table XV

Significant predictor variables after a backwards Poisson regression
procedure. The high p-values in this table are dummy variables.
Parameter Estimates
95% Wald Confidence
Interval

Parameter
(Intercept)

B

Std. Error

Lower

Hypothesis Test
Upper

Wald Chi-Square

df

Sig.

-17.714

2.9706

-23.536

-11.891

35.556

1

.000

[Park=BED]

.912

.2268

.467

1.356

16.170

1

.000

[Park=NCR]

.203

.2501

-.287

.693

.657

1

.418

a

.

.

.

.

.

.

[Season=1.00]

2.487

.3385

1.824

3.151

53.988

1

.000

[Season=2.00]

.687

.2491

.199

1.176

7.614

1

.006

a

.

.

.

.

.

.

-.012

.0023

-.017

-.008

30.356

1

.000

hours

.836

.1517

.539

1.134

30.404

1

.000

Temp

-.026

.0085

-.043

-.010

9.495

1

.002

Moon

.005

.0022

.001

.010

5.641

1

.018

[Park=WCR]

[Season=3.00]
Minutes

(Scale)

0

0

1

b

Dependent Variable: Totalresp
Model: (Intercept), Park, Season, Minutes, hours, Temp, Moon
a. Set to zero because this parameter is redundant.
b. Fixed at the displayed value.

Bedford Reservation had significantly more coyote responses (mean = 0.70) than
West Creek Reservation (mean = 0.29). There were no statistical significances between
the responses of coyotes in North Chagrin and West Creek. The dispersal season
(September 1 to December 31) had significantly more coyote responses (mean = 0.75)
than the pup-rearing (May 1 to August 31) season (mean = 0.38). The breeding season
(January 1 to April 30) was significantly different than the pup-rearing season (p-value =
0.006). When howl surveys were performed, the closer the survey occurred to sunset, the
better the chance of receiving a response from coyotes. If surveys were conducted at
night, the later the survey was performed, the more likely a coyote would respond. The
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results showed that coyote responses were more likely to occur when temperatures were
low than when temperatures were high. Lastly, more coyotes were more likely to
respond to howl surveys when the phase of the moon was closer to full.
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CHAPTER IX
DISCUSSION

Coyote howl surveys combined with GIS may serve as an effective monitoring
technique for detecting the presence of local coyote groups both in and out of natural
areas. All three study areas had coyote groups respond, indicating that resident coyotes
were present. Coyotes howl to strengthen bonds within the group, to reassemble
separated group members, and as a means of territorial maintenance by advertising their
location to help coyote groups avoid one another (Harrington and Mech 1978). This is
similar to wolves that use howling as a way of spacing out populations (Harrington and
Mech, 1983). Howl surveys combined with GIS allow for the collection of coyote
population estimates, for determination of coyote habitat, for establishment of coyote
distribution, and to identify proximity to urban and residential areas. Howling is
normally initiated by the alpha pair, with lower-ranking individuals joining in at lower
rates and frequencies with yips (Gese, 2001). Harrington and Mech’s (1978) study
showed that wolf pups join the group vocalization once the adults have begun howling.
By counting the individual coyotes that join a coyote group yip howl, population
estimates can be determined. Lone howls or group howls are also thought to be used as
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communication of location between separated coyote group members. Coyotes howling
in different areas represent different coyotes, therefore unique groups may be detected
(Pyrah, 1984).
For all three reservations, the majority of coyote responses came from natural
areas. In Bedford Reservation, coyotes mostly responded from dense canopy, medium
density urban areas, and grass. These classifications accounted for 51% of the habitat
types that were present in this reservation. These were also the majority of habitats
where coyotes lived (Site #1). The reason why Bedford Reservation had the least coyote
responses from natural areas, (when compared to the other reservations) may have been
that three separate coyote groups were present; two of these groups were found outside
the reservation. The fragmented habitat around this park may have accounted for fewer
natural coyote response locations. Most coyotes responded in North Chagrin Reservation
from dense canopy, low density urban, and medium canopy. These were the habitat
types that were most available. This park was also the most rural of the three study areas
and therefore coyotes responded from natural areas most of the time. When comparing
the three reservations, West Creek had the highest amount of urban areas and the park
was surrounded by residential housing. Despite this, coyotes mostly responded from
dense canopy, medium canopy and grass. Coyotes may have responded from natural
areas because the high amount of urbanization did not allow coyotes to claim territory
outside the park.
This study suggested some influences on the tendency for coyotes to respond to
howl surveys. Coyotes respond more during the dispersal season because coyotes are
leaving groups and searching for their own territories. If resident coyotes announce their
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location, then other coyotes know which areas to avoid. The breeding season could be
significantly different from the pup-rearing season because coyotes respond less when
pups are present. Coyotes announcing their location could threaten their young. It is also
possible that coyotes respond less during the summer months due to the large amount of
visitors to the parks. In this study, a correlation between coyote responses and sunset was
found, which may have occurred because sunset is the time of day when coyotes are most
active or people are less active.
Andelt (1995) found coyotes to be active during day and night, but most activity
occurred just after sunset. Our study also found that the later the survey was conducted at
night the more likely coyotes would respond. In urban areas, coyote activity peaks
around midnight (Grinder and Krausman, 2001). Higher responses of coyotes were also
found during low temperatures. This is believed to be caused by fewer visitors during
winter months. Coyotes are most likely to respond when the fewest people are present in
the parks. Lastly, I learned that coyotes respond most when the moon is full. These
results are opposite Bender and Bayne’s (1996) study in Canada where coyotes
responded the least to visible light conditions. Andelt (1995) also found that coyote
vocalizations in Texas were heard more often during nights without moonlight than
nights with a full moon. These studies may have opposite results of my study due to
different existing environmental conditions.
In Bedford Reservation more coyotes were heard than in either of the other
reservations. This may be due to three separate coyote groups near the area (Bedford,
Cuyahoga Valley National Park and Walton Hills coyote groups). It is believed that at
least 13 coyotes were found in Bedford Reservation. According to Gehrt (2006), coyote
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group sizes in urban areas are thought to be 5-6 coyotes and their pups born that year; 13
in three groups is close to that estimate. It is believed that North Chagrin and West Creek
Reservations had only one coyote group present in or around each park, which was more
similar to Gehrt’s study. Coyote numbers were higher in winter than in summer months
in both the Bedford and North Chagrin Reservations. This is opposite of what is typically
found: Normally coyote group sizes are largest in spring and summer when pups are born
and smallest in fall and winter when the young disperse (Voigt and Berg, 1999).
Alternatively, just calling rate was higher in winter. These coyote groups may respond
more in the winter because there are fewer visitors in the parks and therefore there is less
of a threat of vocalizing and giving away their locations. It is also possible that there is
more noise during the summer (more people outside) which prevents surveyors from
hearing coyote groups respond. Coyote group estimates in West Creek Reservation were
largest in summer and smallest in winter. This may indicate that pups were born and
participated in group yip howls during surveys in the summer months.
For each reservation, peak coyote responses varied with reproductive periods.
Bedford coyotes had peak responses during the dispersal, breeding and pup-rearing
seasons. With three coyote groups present in this area, there are better odds of hearing a
response during data collection. Resident coyotes may be more likely to howl during the
dispersal season to let other coyotes know their territory. It may be advantageous to
advertise coyote territory during the breeding season to keep other coyotes out of resident
coyote areas. Howling minimizes or prevents confrontations and fighting. Once the pups
are born it may be worth howling to keep intruders away from the pups to ensure their
young survive.
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North Chagrin Reservation also had peak coyote responses during dispersal and
pup-rearing seasons and not during the breeding season. Gese (2001) found that resident
coyotes confronted intruding individuals more during the breeding season, which I
observed at West Creek Reservation; coyotes responded most during the breeding and
pup-rearing seasons but not during the dispersal season. Since this reservation is the
most urban of the three parks, (and is surrounded by residential housing and other urban
areas), coyotes may not have dispersed from this area. It may also be possible that since
there is little natural habitat around this reservation, West Creek coyotes do not have to
defend their territory from other coyote groups coming into the park.
In Bedford Reservation, sites #1 and #7 had the most coyote responses when
surveys were performed at these locations. Site #1 was where the Bedford coyote group
lived and may be the area where the den was located. Site #7 was a common point
among the three possible coyote groups (Bedford, Cuyahoga Valley National Park and
Walton Hills groups). This could account for more responses being heard in these
locations. Coyotes may have been protecting their territories and announcing to other
coyotes where they were located. North Chagrin Reservation had the most coyotes
respond at sites #1 and #3. Coyotes were heard from site #1 during the winter and site #3
during the summer. Perhaps this coyote group moved with the season and coyotes did
not live in the park but visited it to hunt or travel through. This reservation had the most
visitors of the three park systems, and this may have affected the coyote distribution
and/or response rate to howl surveys. West Creek coyotes responded the most when
surveys were conducted at site #1. Surveyors were the most visible at this survey site and
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perhaps people posed little threat to the coyotes and therefore more responses occurred
when surveys were performed.
Urbanization is defined as the change of land into residential, commercial, and
industrial areas that alter the landscape and structure of an ecosystem (Randa and Yunger,
2006). It implies human population densities of at least ≥ 386 people/km2 (Randa and
Yunger, 2006). In human dominated landscapes, coyote group size is influenced by
spatial arrangement and size of resource patches (cover and foraging habitat) (Atwood,
2006b). Areas with combined resource patches have larger coyote group sizes than areas
with dispersed resource patches (Atwood, 2006b). Coyotes are able to adapt to surviving
in urban areas because they do not change their level of movement based on disturbances
and human activity (Markovchick-Nicholls et al., 2008). However, coyotes in areas of
human disturbance often reduce diurnal activity and increase nocturnal activity
(McClennen et al., 2001; Ng et al., 2004). In urbanized areas coyote movement may also
be influenced by reproductive cycle and the seasonal and diurnal cycles in ambient
temperatures (Atkinson and Shackleton, 1991). In a study conducted by Jon Way et al.
(2004), coyotes used residential areas to travel, forage, and bed down in, sometimes
within 50 m of houses. Coyotes use natural, residential, commercial, industrial, open and
forested habitats within urban areas (Randa and Yunger, 2006). However, coyotes
mostly use patches of natural areas in fragmented landscapes (Curtis et al., 2007).
Grinder and Krausman’s (2001) study determined that coyotes hunt and travel in parks
and residential areas mostly at night and they spend large amounts of time (day and
night) in natural areas and parks in Arizona. Way et al.’s (2004) study showed that
coyotes use urban areas but quickly move through human dominated regions in
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Massachusetts. In 2006, Gehrt found that coyote territories often followed park
boundaries and some coyotes created territories in residential areas, small parks, and even
golf courses. Gompper (2002a) determined that coyotes preferred forested habitats and
avoided agricultural and urban areas, though several coyote family groups successfully
raised litters near housing developments. Gibeau’s (1998) study showed that coyotes
used habitats that were available to them without being attracted to or repelled from
urbanization.
With the increased number of coyotes in urban areas, the public is becoming more
aware of this species’ presence. The public’s opinion largely influences the management
of carnivores. An example of this is how the mountain lion has been viewed over the last
60+ years. In the early 20th century, mountain lions were viewed as pests and killed by
bounties (DeStefano and Deblinger, 2005). In the 1960s, the public felt there needed to
be a balance of predator and prey populations and the mountain lion was considered
trophy game rather than a pest (DeStefano and Deblinger, 2005). In the 1980s to 1990s
the public changed their view to total protection of mountain lions (DeStefano and
Deblinger, 2005). More recently as humans continue to further build housing in lion
habitat, the public again considers mountain lions a threat to human safety (DeStefano
and Deblinger, 2005). Predators frighten residents because they carry diseases, are
unpredictable, and create possible harm to children, pets, and property (DeStefano and
DeGraaf, 2003). Coyotes are also considered pests; however, they are rarely hunted or
killed in urban settings (APHIS, 2002). Another concern was the larger body size of the
eastern coyotes and the possible hybridization with wolves (Way, 2007). On October 26,
2009 at a local Walton Hills, Cuyahoga County, Town Meeting in Ohio, residents
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expressed concern about the nuisance that coyotes were creating around their homes, and
they expressed fear of attacks on children, pets, and the transmission of diseases. Human
and wildlife conflicts are increasing in frequency and few people are familiar with how to
deal with coyotes (Ditchkoff et al., 2006). In the western US, coyotes have attacked
children, as in California alone from 1988 to 1997, 53 individuals in 16 locations (21
individuals suffered bites) have been involved in coyote-human incidents (Timm, 2006).
By understanding coyote activity in human-dominated landscapes, management plans can
be established that reduce coyote and human conflicts.
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CHAPTER X
MANAGEMENT IMPLICATIONS

Numerous methods can be used to monitor coyote populations. Invasive tactics
consist of den surveys, radio-telemetry, or lethal means. These techniques are time
consuming, costly, and alter the dynamics of coyote populations (Gese, 2004).
Noninvasive survey techniques are a way of collecting data that do not involve direct
contact with the animals and thus minimizes the amount of disturbance to the study
subjects. Noninvasive methods also may be deployed over larger areas and over longer
periods of time. These noninvasive monitoring techniques include camera traps, track
plates, scent stations, snow tracking, scat and howl surveys. When determining which
surveying method to employ, factors such as species, habitat, costs, manpower, and time
constraints should be considered (Gese, 2004). Due to the behavior of coyotes, a direct
census is not practical because coyotes are difficult to find and track (Henke and
Knowlton, 1995). In order for a censusing technique to be useful, it must be unbiased,
precise, and cost effective (Jacobson et al. 1997).
Camera traps can be used to establish presence or absence of a species in an area
(Jennelle et al. 2002). Monitoring coyote populations using this method could yield a
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population estimate that was too small or too large. A method of identifying specific
coyotes needs be established so that animals are not recounted. Also, wary coyotes may
never be photo captured, thus providing too small population densities. Purchasing the
equipment is costly and enough cameras need to be purchased to provide a significant
sample of the study area (Koerth et al. 1997). Equipment is prone to mechanical failures
and errors by researchers. The presence of human activity may attract or repel animals
to/from a camera trap (Cutler and Swann, 1999). The potential of vandalism or theft
should also be considered when using camera traps as a coyote monitoring technique. In
Gompper et al.’s (2006) study, cameras proved to be ineffective in detecting the presence
of coyotes. In our study we were able to capture pictures of coyotes only when bait sites
were used. Many hours were spent setting up cameras, checking cameras, and placing
bait at sites, yet camera traps yielded very few pictures of coyotes.
Track plates, scent stations, and snow tracking are noninvasive methods that use
footprints to monitor coyote populations. Track plates measure species’ distribution or
presence by having animals walk across a surface that leaves footprints behind (Gese,
2004). Scent stations use lures to attract animals to a certain location where surrounding
sediments capture footprints for later identification by the researcher. Track plates and
scent stations attract other species of animals, do not measure animal abundance and
tracks may be misidentified by the observer. These techniques are also affected by
weather, wariness of animals and may take an immense amount of time to set up. Snow
tracking involves following animal tracks in the snow to learn distribution and activity of
a target species. Snow tracking has lower detectability and depends on snowfall. Snow
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tracking is cost efficient, but it can be intensive in terms of the amount of time spent
collecting data.
Scat surveys are cost effective, non invasive, and provide information on coyote
locations and diet. Scat can be collected and analyzed to determine the DNA of coyote
populations (Rashleigh, et al. 2008). Scat is easy to identify but difficult to find along
trails and other open areas. Issues with scat surveys involve insufficient numbers of scat
samples to estimate populations, high costs of DNA extractions, and rapid decay or
consumption by scavengers. Scats are also easy to miss, and the amount of feces is not
necessarily correlated with coyote densities. Scat does provide information on what
coyotes are consuming. However, by studying coyote scat and comparing it to past
studies, researchers can determine if coyote diets are shifting toward human-associated
food in urban areas.
Howl surveys appear to be the best method to monitor coyote populations (Cepek,
1997) and they should continue to be used to monitor local coyote groups. These surveys
require minimal effort and can determine the presence or absence of coyotes across wide
ranges. Harrington and Mech (1982) found that wolf packs did not howl every night.
This may also be true for coyotes. However, howls from outside a resident’s territory
provide a low risk to the group and therefore responses may be more likely to occur
(Harrington and Mech, 1978). Howl surveys should start at midnight because visitors are
not permitted in the parks and coyotes are most active in urban areas at this time (Grinder
and Krausman, 2001). Perhaps in order to prevent habituation of howl surveys, more
than eight survey sites should be considered but fewer sites should be visited during a
survey night, the visitation sequence of the sites should be randomized, and surveys
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should be performed less than once per week. Most coyote howling occurs during the
dispersal and breeding seasons (Gese, 2001), and therefore this may be the best time of
year to determine coyote population estimates and distributions near urban and residential
areas. GIS should continue to be incorporated with coyote howl surveys in order to
record where coyotes are responding from and what habitats they are using. By
understanding where coyotes are active in urban areas, management plans could be
implemented that help humans avoid areas when coyote are most defensive (during puprearing season) (Curtis et al. 2007). Knowledge and location of coyotes in urban areas
can also be used to inform the public of coyote locations and contribute to humans and
coyotes co-existing.
The recent increase in numbers of coyotes indicates they are adapting to urban
landscapes (Atwood et al. 2004). Coyotes have become a normal part of the wildlife
population and they are the largest mammals to function as a predator in urbanized areas.
Behavior of coyotes in urban areas should be studied on a finer scale to determine what
habitat types are being used (Grinder and Krausman, 2001). One approach I recommend
in future studies to obtain more detailed information on coyotes is to trap and radio-collar
animals. GPS and/or Satellite collars would present different data that show precise
coyote home ranges, territories, and where these animals go in residential areas. When
coyotes are trapped for radio-collaring, DNA can be obtained from individual coyotes
that help determine the genetic background of this species. DNA would determine how
closely related coyote group members were to one another, how much diversity exists
among local coyote groups, and if coyotes are hybridizing with wolves and/or domestic
dogs (Kays et al., 2009). More studies could be conducted that look at the relationship
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between coyotes and deer. A study could determine if coyotes are taking deer alive or as
carrion. Researchers could also try to decide if coyotes are able to control deer
populations. In addition to these studies, scat collection should continue in order to learn
if coyote’s diets are changing in relation to living close to urban areas.
Unless habituated to humans, coyotes are generally shy and wary and present a
minimal risk to people. Information that can be used to educate the public and reduce
human-coyote conflicts is listed below (APHIS, 2002; Gehrt, 2006; and Audubon Society
of Portland, 2009):
1) NEVER deliberately feed a coyote or other wild mammal.
2) Securely cover garbage cans and compost bins.
3) Remove fallen fruit from yards.
4) Bird feeders should be positioned so coyotes can’t feed (they may be attracted to
birds and rodents that come to the feeders).
5) Feed pets indoors whenever possible.
6) Eliminate sources of water.
7) Keep house pets indoors and allow only controlled access to the outdoors (fenced
yards and leashes). Always keep pets inside from dusk to dawn, when coyotes are
most active.
8) Never deliberately approach a coyote, and teach children to respect all wildlife
from a distance.
9) To prevent coyotes from entering your yard, consider removing unnecessary
brush, installing a motion-sensitive lighting system, or installing a coyote-proof
fence. To be effective, fences must be at least 6 feet tall, have no openings
greater than 4 inches, and should extend flush with the ground.
10) If you do not want coyotes around your home, let them know that they are not
welcome by shouting, making noise, and waving your arms if you see them.
11) DO NOT turn and run/walk away with your back to an animal.
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12) Report aggressive coyotes (that bark, growl, and are not fearful of humans)
immediately to the Cleveland Metroparks Rangers at (440) 333-4911.
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